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ABSTRACT 

A program of regular sampl i n g  for  16 routine water qual i t y  
parameters; bottom macrointervertebrate  populations; periphyton 
populations, biomass and pigment content; and levels of various metals i n  
fish  flesh was undertaken on Mahood Creek and the Serpentine and Nicomekl 
Rivers from June 1974 u n t i l  November 1975. Salmonid populations i n  these 
streams could be  harmed i f  intensive farming practices i n  the lowlands and 
increased urbanization i n  the  uplands i s  not managed t o  protect water 
qual i t y  and maintain adequate  water fl ows . 



RESUME 

Un programme d'gchant i l   lonnage  standard  pour 16 paramstres 

r o u t i n i s r s  de qua l i t 6   d "eau ;   l es   popu la t i ons   macro - inve r tgb r6es  du fond 

mar in ;   l es   popu la t i ons   pg r iphy t i ques ,  l a  biomasse e t   l a   t e n e u r  en pigment; 

a i n s i  que les niveaux  de  divers  metaux dans l a   c h a i r  des poissons a 6 t 6  

e n t r e p r i  s B Mahood Creek e t   s u r   l e s  r i  v is res   Serpent ine   e t  Nicomekl de 

j u i n  1974 2 novembre 1975. Les populat ions  salmonids de  ces cours  d'eau 

p o u r r a i e n t   e t r e   a f f e c t g e s   n g g a t i v e m e n t   s i   l e s   p r a c t i q u e s   a g r i c o l e s  

i n t e n s i v e s  dans l e s   p l a - i n e s   e t   l ' u r b i n i z a t i o n   c r o i s s a n t e  des reg ions  p lus 

6lev6es ne sont pas administrees de fason 2 p r e s e r v e r   l a   q u a l   i t 6  de 1 'eau 

e t  2 m a i n t e n i r  des debits  d'eau  adgquats. 
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SUMMARY AND CONCLUSIONS 

Seasonal t rends  were  obvious f o r  most o f   the   parameters  

measured.  Measurements  were genera l l y   h igh   du r ing  1 a t e r   s p r i n g  and summer 

and  low i n   w i n t e r   f o r   t e m p e r a t u r e ,  oxygen sa tu ra t i on ,  pH, t o t a l   r e s i d u e ,  

v o l a t i l e   r e s i d u e   ( b u t   n o t   i n  Mahood Creek), a1 k a l i n i t y  and c o n d u c t i v i t y  

(Tab1 e 1).  Other  parameters  measured  were 1 ow dur ing   the  sumner then 

increased  w i th   the   fa1  1 r a i n s  and remained  high  over  the  winter.  These 

a r e :   c o l   o u r ,   t u r b i d i t y  , organic  carbon,  n i  tri t e - n i   t r a t e   n i   t r o g e n ,  ammonia 

( e x c e p t   i n  summer, 1974 when l e v e l  s were high),  phosphate  (except i n   t h e  

Serpent ine and s t a t i o n  4 o f  the  Nicomekl  where summer irri g a t i  on kep t  

1 evel  s h igh ) ,  and t o t a l  hardness.  Only  non-f i l   terabl  e r e s i d u e   l e v e l  s d i d  

n o t   v a r y   c o n s i s t e n t l y   w i t h   t i m e .  

Fewer  parameters showed obv ious   in te rs t ream  d i f fe rences .  

Summertime temperatures  were  lower i n  Mahood Creek than i n   t h e  mainstem 

r i v e r s  and  thus  more  sui  tab1 e f o r   f i s h ,   w h i l e  oxygen s a t u r a t i o n   l e v e l  s 
dur ing   w in te r  were h i g h e r   i n  Mahood and thus a1 so b e t t e r   f o r   f i s h  eggs  and 

fry. Col o u r ,   t o t a l   r e s i d u e ,   n o n - f i l   t e r a b l  e residue,  carbon,  phosphate  and 

c o n d u c t i v i t y  1 evel  s were a1 so 1 owest i n  Mahood Creek.  Temperature, 

t u r b i d i t y ,   n o n - f i l t e r a b l e   r e s i d u e  and to ta l   ca rbon  were h i g h e s t   a t  

s t a t i o n s   i n   t h e   S e r p e n t i n e ,   w h i l e   t o t a l   r e s i d u e  and  phosphate l e v e l  s were 

h i g h e s t   a t   s t a t i o n s   i n   t h e   N i c o m e k l .  Oxygen, co lou r  and c o n d u c t i v i t y  were 
s i m i l a r   i n   t h e   S e r p e n t i n e  and Nicomekl. 

None o f   the   parameters  measured  increased  from  upstream t o  

downstream s t a t i o n s   i n  Mahood Creek, on the   con t ra ry ,  summer oxygen 

s a t u r a t i o n   l e v e l  s,  pH and t o t a l   r e s i d u e  were h ighes t   a t   the   ups t ream 

s t a t i o n  1 which   d ra ins  an urban  area. The grea tes t   inc rease i n  sumner 

temperatures was n o t e d   a t   s t a t i o n s  1 and 4 o f  Mahood Creek  where the re  was 

l i t t l e  streambank  vegetation. 
However, many o f   t he   pa ramete rs   d id  show a d i s t i n c t  downstream 

increase i n   t h e  mainstem r i v e r s .  I n  the  Nicomekl , temperature,  col  our, 

t o t a l   r e s i d u e ,   n o n - f i l   t e r a b l  e and v o l a t i l e   r e s i d u e s ,   t o t a l   c a r b o n ,  and 



- x i  - 

c, 
4 

L 
Q 
= h  
- e  e o  
m # -  

c 
E 

c 
0 
c, 
4 

L 
> 4 

- 
.r 

I 
0)  
L 
c, 
v) 
L 
0 
c, 
e 
CI 

c 
0 

c, 
- 
a 
.r 
L 
> 4 

4 c 
#- 

51 
4 
Q 
v) 

" *. 
E m  v)c 
c 

U c 
4 

c, 

4 
Y 
4 d . '  

5 

L 

c 

c 
c 

1 
0 
#- 

w 
0 

s 
u 

F 
a 
n 

.. 

.r 
3 
z! 
n 
a L 
I- 

.- C, 
4 

Q O  s t  L 
0 
a 
#- 
0 
V 



- x i i  - 

c 
h - 
4 
¶ 
v) 
a 

* f  - 0  
I 

W 
L 
C 
m 
C 

* 
m 

Y 

.) 

s 
iy 
7 
0 

cn 
v) 

- c  Q a l  

m c 

.. 
c, 
0)  

- v) 

al 
> 
al 



- xiii - 

I 

L 

9 
al 
c, 
L 

i 3  
2 8  

0 c 
c, c 
0) 

L 
m aJ 

.C 

n 
4 c  c , o  
v) L 

al 
c, c 
3 
.C 

c 
c 

L 
al 
aJ 3 
Y- 

c, 
al 
4 
P 

* E 

e 
O 
;c 

!s z 

u a l  c 
c L  
a l e  

v) 
v) 

l - c  
al 

c , L  
m u  

e =  o m  

m 
.C 

4 P 



- x i v  - 

t o t a l  phosphate  were  higher a l l   y e a r   a t  downstream s t a t i o n s  3 and 4 than 

a t  upst ream  s tat ions 1 and 2. I n   t h e   s p r i n g  and summer  when waters were 

supersa tura ted   w i th  oxygen, s a t u r a t i o n  and pH a lso  increased downstream. 

Fewer  parameters showed i n t e r s t a t i o n   d i f f e r e n c e s   i n   t h e   S e r p e n t i n e  where 

a l l   o f   t h e   s t a t i o n s  were adjacent   to   farmlands.   Only   to ta l  and v o l a t i l e  

res idue showed an i n c r e a s e   a t  downstream stat ions  year-round. Oxygen 

sa tu ra t i on ,  pH, and to ta l   carbon  inc reased downstream i n   s p r i n g  and summer 

o n l y ,   w h i l e   i n   w i n t e r ,  ammonia l e v e l s  were h i g h e r   a t   s t a t i o n s  5 and 6. 

S t a t i o n  4 on the  Serpent ine was g r e a t l y   a f f e c t e d   b y   i t s   p o s i t i o n  

immediately  downstream o f   t h e   c l e a n e r  Mahood and  had l o w e r   l e v e l s   o f   m o s t  

parameters  measured. D e f i n i t e  downstream d i f f e rences  were a1 so found i n  

a1 gae popu la t ions   o f   the   Serpent ine .   S ta t ion  4 had  the   la rges t  

popu la t i ons   wh i l e  two  species  were  more common upstream and two o thers  

more  abundant a t  downstream stat ions.   Algae samples  were n o t   a v a i l   a b l e  

from Mahood Creek o r   t h e  Nicomekl . 
Most o f   the   parameters  measured  met EPA Water Q u a l i t y   s t a n d a r d s  

f o r   f i s h .  However, summer temperatures  were  o f ten  near   le tha l   leve l  s i n  

the  mainstem  Nicomekl and Serpentine, and w i n t e r  oxygen s a t u r a t i o n   l e v e l s  

over  gravel  beds i n  Mahood Creek  were s u b s t a n t i a l l y   l e s s   t h a n   t h e  100% 

recommended f o r  maximum egg- to - f r y   su rv i va l .  On occassion, pH  a1 so 
exceeded recommended l e v e l s  when waters  were  supersaturated  with  oxygen i n  

1 a te  summer. 
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1 INTRODUCTION 

On the  lower   reaches  o f   the  Fraser   River   Val ley,   f i rs t   logging 
and farming  then  extensive  urbanization  destroyed most o f   t h e   f i s h   b e a r i n g  
streams t h a t  once dra ined  the   mun ic ipa l i t ies  o f  Vancouver,  Burnaby, 
Coquitlam and Port  Coquitlam  (Proctor, 1978). Now streams  which s t i l l  
sustain  salmonid  populat ions  south  of   the  Fraser  River  are a1 so 

d e t e r i o r a t i n g  as mun ic ipa l i t i es   t he re  seek increased  urbanizat ion and as 
dwindling  farmlands  are more i n tens i ve l y   cu l t i va ted .  

I n  1974 the  Environmental   Protect ion  Service  in i t iated a study 
t o  determine changes i n   t h e  water  qual i ty  over a pe r iod   o f   yea rs   o f  two o f  
the  major  streams  draining  the  land  south  of   the  Fraser:   the Nicomekl 
and Serpentine  Rivers  (Figure 1). The landforms,  surf icial  geology, soil 
types,  hydrology,  reach  descript ions, and p r e c i p i t a t i o n  and temperature 
records  of   these  r ivers have been described i n   d e t a i l  by H i  r s t   e t  
a l .  (1979, unpublished) and are  reviewed  only  br ief ly  here.  

Together  the  Serpentine and Nicomekl  watersheds encompass  33,870 
hectares  wi th in  the  borders  of   the  municipal   i t ies  of   Langley,   Langley City 

and Surrey  (Dick,  1975). The Serpentine  River  begins  near Tynehead, 
Surrey, a t  an e l e v a t i o n   o f  75 m, and f lows 29 km southwest t o  empty i n t o  
Mud Bay. I t s   t h r e e  main t r i b u t a r i e s ,  Mahood, Hyland and Latimer Creek, 
r i s e  a t  s im i l a r   e leva t i ons  and j o i n   t h e  main r i v e r   i n   i t s  up1 and region. 
The Nicomekl and i t s  ma jor   t r ibu tar ies ,  Anderson and k r r a y  Creek, r i s e  
respect ive ly   east  and south  of  Langley City at   e levat ions  o f   about  90 m. 

The Nicomekl f lows  approximately 35 km west t o   e n t e r  Mud  Bay  2.5  km south 
o f   t h e  Serpentine. 

West o f  168 Street  (Figure 2), the  Nicomekl and Serpentine 
Rivers  share a sing1 e f l a t  bottomed  Val l e y  and meander on ly  1.5 t o  2 km 
apart  through  the  lowland.  Both  are  low  gradient  streams  with  over 90% of 
each course  lying  below 15 m and most o f   the  lower   f loodpla in   (est imated 
a t  4900 h a )   l y i n g  between 1 and 2 m geodetic datum (Hi  r s t   e t  a1 . , 1979). 
Stream gradients  average one percent i n   t h e  upper t r i b u t a r i e s  and decrease 

t o  0.05% or   less   in   the   low lands .  
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1.1 C l i m a t e ,   P r e c i p i t a t i o n  

C 1  i m a t e   o f   t h e   r e g i o n   i s   c l a s s e d  as mod i f ied   mar i t ime  w i th  

overcas t ,   wet ,   m i ld   w in te rs  and d r i e r ,  warm  summers. P r e c i p i t a t i o n ,  

p r i m a r i l y   r a i n ,   a v e r a g e s  1200 mn a n n u a l l y   i n   t h e   l o w l a n d s  and  1400 t o  1500 

mm in   the  up land  headwaters  (Table 2; Atmospheric  Environment  Service, 

1972). One hundred t o  200 mn o f   r a i n   f a l l s   i n  15 t o   2 1  days  each  month 

October t o  May, b u t   t h i s  decreases  by  July  to  30-38 mn o f   r a i n   o v e r  

seven  days. Snowfal l  i s   g e n e r a l l y   l i g h t ,   c o n t r i b u t i n g   j u s t  4% o f   t h e  

t o t a l   p r e c i p i t a t i o n   i n   t h e  area. Mean dai ly   temperatures  vary   on ly  16°C 

ranging  f rom 2°C i n  January t o  17°C i n   J u l y .  The minimum mean d a i l y  

temperature i s  -1°C i n  January  whi le  the maximum i s  23°C i n   b o t h   J u l y  and 

August  (Table  2) .  

1.2 Stream F 1 ows 
Stream  f lows i n   t h e  Serpentine-Nicomekl  watershed  are  extremely 

v a r i a b l e  and h i g h l y  dependent on p r e c i p i t a t i o n  and consequent  runoff  i n  

the  immediate  area. No data i s   a v a i l a b l e  on t h e   t o t a l   d i s c h a r g e   o f  each 

r i v e r .  However Water  Survey o f  Canada has  recorded  water  levels i n  Mahood 

Creek  and i n   t h e  Nicomekl  River  immediately  below  the  conf luence  of   Murray 

Creek.  This  data was t a b u l a t e d   b y   H i r s t   e t   a l .   ( 1 9 7 9 )  and i s  presented 

i n  Appendix I. Dur ing   the   wet   w in te r ,   f lows  a re   ex t remely   var iab le   f rom 

y e a r   t o   y e a r .  I n  January,   the  wettest   month,   f lows  ranged  f rom 1 t o  4 

m3/sec i n  Mahood Creek  and  2.5 t o  7 m3/sec i n   t h e  Nicomekl  River 

(Appendix I, Figures  11 and 21 1. D u r i n g   t h e   d r i e r  months o f   J u l y  and 

August,   f lows  were  general ly  less  than  0.2 m3/sec , and i n  Mahood 

Creek ,   f lows  ceased  fo r   b r ie f   per iods  when ha1 f the  summers record ings  

were made. Local s r e p o r t   t h a t   i n  1 a t e  summer f l o w s   o f t e n   c e a s e   i n  

s e c t i o n s   o f   a l l   t h e   t r i b u t a r y  streams,  whi le i n   w i n t e r ,   f l a s h   f l o o d s   a r e  

common. Such f luctuat ing  water   reg imes  can limit f i s h   p r o d u c t i v i t y  and 

will worsen w i t h   i n c r e a s e d   a g r i c u l t u r a l  and urban  development. 
The w i n t e r   r u n l o f f   r a t e   i n   t h e   t r i b u t a r i e s  and u p l a n d   p o r t i o n   o f  

the  watersheds i s  much h igher   than i n  the  lowlands,  part ly  because 
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o f   h i g h e r   e l e v a t i o n  and  a g r e a t e r   r a t i o   o f  rai n f a l l   t o   s u r f a c e   a r e a  

dra ined,   bu t   a lso   because  o f   d i f fe rences   in   subso i l  and land  use. The 

upper  port ions  of  each  watershed  are  underlaid by s t r a t i f i e d   g l a c i o -  

mar ine  deposi ts  whi 1 e the  low1 ands  west o f  C1 overdale  are  under1  a id by 

f l u v i a l   d e p o s i t s   c o n s i s t i n g   o f   s i l t y   f l u v i a l   d e p o s i t s  on t o p   o f  a sandy 

1 ayer (Lands D i  r e c t o r a t e ,  1977). I n   t h e   c e n t r a l  and south-eas tern   por t ion  

o f   t h e   l o w l a n d   f l o o d p l a i n s ,   o r g a n i c   d e p o s i t s ,   p a r t i c u l a r l y   p e a t ,  

b lanke t   t he   s i1  t deposi ts.  Soi 1 types  have been mapped i n   d e t a i l  by 

Sprout and Kel l y  (1961) and are summarized i n  Appendix I Table 21. 

1.3 Land Use 
Mahood and Hyl and  Creeks r i s e   i n   t h e   u r b a n   a r e a   o f   n o r t h w e s t  

Surrey and f l o w   f i r s t   t h r o u g h   s i n g l e - f a m i l y   r e s i d e n t i a l   a r e a s  and  hobby 
farms i n   t h e  upper  reaches,  then  through  smal l   intensive  farms i n   t h e  

1 owland  reaches. The S e r p e n t i n e   i t s e l f  a1 so a r i s e s   i n   t h e   u r b a n   a r e a   b u t  

runs  pr imari ly  through  smal l   acreages i n   t h e   u p l a n d   t h e n   l a r g e r   f a r m s   i n  

the  lowland.   Lat imer  Creek a lso   d ra ins   p r imar i l y   smal l   ac reages.  The 

Nicomekl  and i t s  m a j o r   t r i b u t a r i e s ,  on the   o the r  hand, a l l   b e g i n   i n  

a g r i c u l t u r a l l y  zoned land  and f low  th rough 9 t o  15 km o f   pas tures ,  

forage  crops and wood1 ands be fo re   en te r ing   t he   u rban   co re   o f   Lang ley  City 

and  Municipal i t y .  Some o f   t h e   s m a l l   t r i b u t a r i e s   a t   t h e  head o f   t h e  

N i  comekl d r a i n   l a n d   t o   t h e   e a s t   o f  232 Street   which i s  des ignated  for  

fu ture  urban  growth i n   t h e  1979 Of f i c ia l   Reg iona l   P lan   (F igure  3).  West 

o f   La t imer  Road (192 S t  .), t h e  Nicomekl  again  f lows  through  farmland t o  

i t s  mouth. 
A d e t a i l e d   a n a l y s i s   o f   s p e c i f i c   t y p e s   o f   l a n d  use i s  no t   ava i -  

l a b l e   f o r   t h e   e n t i   r e  Nicomekl  -Serpentine  watershed,  but  the  Greater 

Vancouver  Regional D i s t r i c t   d i d   p r o v i d e   f i g u r e s   f o r  most o f   the  watershed 

w i th in   Su r rey  and t h i s   i s  presented i n  Appendix I Table 31.  From t h e  GVRD 

data,   in format ion  f rom  the  Langley City P1 anner (T. Tanner,  personal 

communication) and from  the 1979 L a n g l e y   M u n i c i p a l i t y   O f f i c i a l  Community 

Plan, we es t ima te   t ha t   rough ly  57% o f   t h e  combined  watershed i s  r u r a l   i n  
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(ii) 

( i i i )  

( i v )  

( v i i )  

( v i i i )  

( i x )  

channel i z a t i o n   o f  up1 and t r i b u t a r i e s  ; 

vandal  ism o f   f i s h ;  

removal o f   s t ream bank vegeta t ion  and consequent  increases i n  

water  temperature; 

increased  erosion and sedimentat ion ; 

sewage contaminat ion  of   streams  f rom  sept ic  tank  leakage - 
r e s u l t i n g   i n   i n c r e a s e d   n i t r o g e n  and phosphorous l e v e l  s ; 

increased  bac ter i  a1 contamination  from human and pet  wastes ; 

t o x i c  1 eachates  from  garbage di   sposal  s ; 
inc reased   l eve l s   o f   o i l s ,   l ead ,   pes t i c ides  and o the r  

contaminants i n  stormwater and road   runo f f ;   e t c .  

1.4 F i sh  and W i l d l i f e   C a p a b i l i t y  

The na tura l   charac ter   o f   the   Serpent ine  and Nicomekl  Rivers has 

a1 ready been severe ly  a1 t e r e d  by  man's a c t i v i t i e s .  The Ni  comekl  has  been 

dyked.  downstream o f   i t s   c o n f l u e n c e   w i t h   M u r r a y  Creek  and the  Serpent ine 

has  been  dyked t o   i t s  uplands  south o f  88 Avenue. The l o w l a n d   p o r t i o n s   o f  

t he   ma in   r i ve rs  and t h e i r   t r i b u t a r i e s  have a1 so been in tens ive ly   d redged 
and  channelized t o   s e r v e  as dra inage  d i tches  for   the  surrounding  farmland.  

I n  most  cases  where t h e   l a n d   i s  farmed, t h e  banks  have been s t r i p p e d   o f  

t r e e s  and shrubs and c a t t l e  have been a1 lowed t o  graze  along  the  shores.  

- The banks are   thus   cons tan t ly   e rod ing  and the  water i n  these  sect ions i s  
u s u a l l y   q u i t e   t u r b i d  and the  bottom  covered i n  deep mud and s i l t .   N e i t h e r  

t h e  mainstem  Nicomekl  or  Serpentine  could be considered  adequate  for  

salmonid  spawning. However, t h e   m a j o r   t r i b u t a r i e s ,   p a r t i c u l a r l y  Anderson, 

Murray and Mahood Creeks, s t i l l  have s e c t i o n s   s u i t a b l e   f o r  spawning and 

rearing  salmonids.  Anderson and Murray  Creeks  have  about 15 and 20 km 

r e s p e c t i v e l y   o f  good f i s h   h a b i t a t   w i t h  adequate  sect ions  of   pools and 

g r a v e l   r i f f l e s  and some sec t i ons   w i th   t ree   o r   sh rub   cove r   a long   t he  banks. 

The bes t   a reas   a re   rav ines   wh ich   a re   unsu i tab le   fo r   hous ing   o r   agr icu l tu re  

and  which  consequently  remain  well   treed  with  stable  banks and  good gravel  

r i f f l e s .  Mahood, t h e   m a j o r   t r i b u t a r y  of  the  Serpentine  system, has 
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approximately 7 km o f   p o o l g r a v e l   r i f f l e - g 1   i d e   s e c t i o n s   s u i t a b l e   f o r  

spawning  and  rearing fi sh,  as we1 1  as stab1 e, we1 1 treed  or  shrubbed 

banks.  Latimer and Hyl and  Creeks a1 so have long   s t re t ches   w i th  good bank 

c o v e r   b u t   t h e i r   s i 1  t bottoms seem unsuited  for  salmonid  spawning,  though 
r e a r i n g   f i s h  were  trapped  by  Hirst  (1979)  throughout  both  systems. A t  t he  

p r e s e n t   t i m e ,   t h e   m a j o r   l i m i t a t i o n s   t o   f i s h   p r o d u c t i v i t y   i n   a l l   t h e  

t r i b u t a r i e s   a r e   s i l t a t i o n   o f   t h e   b o t t o m   g r a v e l s  and  low  f lows i n   l a t e  

summer  when  many o f  the  streams  are  reduced  to a se r ies   o f   s tand ing   poo ls .  

These condi t ions  can  be  expected  to   worsen  wi th   fu ture  development   un less 

m i  ti gated. a 

Spawning records show t h a t  coho  salmon  (Oncorhynchus k i   s u t c h )  

have numbered anywhere  from 75 t o  7500 i n  the  Nicomekl and 75 t o  3500 i n  

the  Serpentine  River  between 1947 and  1976  (Marshal 1 e t  a1 . , 1979). Fewer 
than a thousand  coho spawned each  year  f rom  the  late  1950's  to  1969 

(except  i n  1961  and  1964) b u t   s i n c e  1970,  1500 t o  3500 f i s h  have  been 

est imated  each  year i n  each  system. Steel  head  (Salmo  gairdneri) and 
c u t t h r o a t   t r o u t  (Salmo c l a r k i   c l   a r k i  ) a1 so spawn i n  t h e s e   r i v e r s   b u t   t h e i r  

numbers a re  unknown. Elect roshock ing done by  Environmental   Protect ion 

S e r v i c e   s t a f f   i n  1972 and  1973  found, i n   a d d i t i o n   t o  salmonids, 

th ree-sp ined  s t i ck leback   (Gasteros teus   acu lea tus) ,   p r ick ly   scu lp in   (Cot tus  

asper) ,   redside  shiner  (Richardsonius  bal teatus),   lamprey  (Lampetra 

r i cha rdson i ) ,   b rown   bu l l  head ( Ic ta lu rus   nebu losus) ,  peamouth  chub 

(Mylochei lus  caur inum) , and c r a y f i s h  and f rogs .  

G r e a t   b l  ue heron  (Ardea  herodias)  feed i n   t h e   r i v e r s  and 

channels   o f   the  lowlands,  and  ducks, p a r t i c u l a r l y   m a l l a r d  (Anas  acuta), 

p i n t a i l  (A. - pla ty rhynchos) ,  and  widgeon  (A. - americana)  feed i n   a d j a c e n t  

f l o o d e d   f i e l d s  and i n  Mud Bay. Numerous other   spec ies  o f   water fowl   nest  

o r   o v e r w i n t e r   i n  Mud Bay. 

Mud Bay  was once the   source   o f  60% o f   B r i t i s h  Col umbia' s 
she1  1 f i s h   i n d u s t r y   b u t   t h e   f i s h e r y  was c l o s e d   i n  1962 due t o   f e c a l  

con taminat ion   f rom  r i vers  and o u t l e t s   d r a i n i n g   i n t o   t h e  Bay (Kay,  1976) 

However, t he  Bay i s   s t i l l  an important  sal   tmarsh-eelgrass-mudf l   at   area 
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fo r   feed ing   water fowl  and f i s h  such as j u v e n i l e  salmon  and he r r i ng ,  and 

p r o d u c t i v i t y   c o u l d   s u f f e r  i f  w a t e r   q u a l i t y   i n   t h e   r i v e r s   d e c r e a s e d   f u r -  

t he r .  

Accordingly, i n   s p r i n g  1974, EPS e s t a b l i s h e d   s t a t i o n s  on t h e  

mai  nstem N i  comekl  and Serpent ine  Rivers and on  Mahood Creek  and  began a 

program o f   r e g u l a r  sampl i n g   f o r  16   rou t ine   water   qua l i t y   parameters  as 

w e l l  as bot tom  macro inver tebrate  populat ions,   per iphyton  populat ions and 

c h l o r o p h y l l  -a  and  phaeopigment content,  and l e v e l  s o f   va r ious   me ta l s  and 

c a l c i u m   i n   f i s h   f l e s h .   T h i s   r e p o r t   p r e s e n t s   t h e   r e s u l t s   f o r  samples 

co l l ec ted   f rom June  1974 t o  November 1975. 
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2 METHODS 

2.1 Sample S i te   Loca t ions  

Sampling s i t e s  were  chosen  along  the  length  of   the  Serpent ine 

and  Nicomekl R ivers  and Mahood Creek t o  show whether  there was a cumul- 

a t i v e   e f f e c t   o f   a g r i c u l t u r a l  and  urban r u n o f f  on water   qual i ty .   Four  

sample s i t e s  were es tab l i shed  on the   lower  Nicomekl , s i x  on t h e  

Serpentine and f o u r  on Mahood (or  Bear)  Creek as shown i n   F i g u r e  2. Si tes  

1 and 2 on Mahood Creek represent   f low  through an urban  area  whi le  the 

remain ing   s i tes  were i n   t h e  low1  and a g r i c u l t u r a l   a r e a s   o f   t h e  watersheds. 

S ta t i ons  on t h e  Nicomekl  and Serpentine and s t a t i o n  4 on Mahood Creek  had 

grass banks and mud-s i l t   bot toms.   Stat ions 1 t o  3 on  Mahood Creek  had 

gravel  bottoms and  dens,e  bank cover   o f   dec iduous  t rees and shrubs. 

2.2 Water Q u a l i t y  
Water  samples  were co l lec ted   f rom  the   Serpent ine  and  Nicomekl 

s t a t i o n s  once  a  month i n  June  and Ju l y ,  1974, then once every  two  months 

u n t i l  January 1975 when samples  were aga in   co l l ec ted  once  a  month u n t i l  

November 1975. Sampling  frequency was t h e  same f o r  Mahood Creek except 

t h a t   s a m p l i n g   h e r e   d i d   n o t   b e g i n   u n t i l  November 1974.  Each  month s t a t i o n s  

were  sampled i n  one  day  from 08: 30 h r   t o  14: 30 h r   i n   t h e   f o l l o w i n g  

sequence:  beginning a t   s t a t i o n  1 on t h e  Nicomekl , proceeding  downstream 

t o   s t a t i o n  4; then  working from s t a t i o n  6 on the  Serpent ine  upst ream  to  

s t a t i o n  1; f i n a l l y ,   s a m p l i n g  Mahood Creek beginning a t  s t a t i o n  4  and going 

upstream t o   s t a t i o n  1. Water was c o l l e c t e d   i n  a p l a s t i c   p a i l   i n   m i d -  

stream a t  t h e   s u r f a c e ,   t h e n   d i v i d e d   i n t o   s m a l l   g l a s s   o r   p l a s t i c   b o t t l e s  

and preserved  accord ing   to   the   requ i rements   o f   the   ana lyses   to  be  done 

(see  Appendix I I ) .  Samples were kept i n  a c o o l e r   o f   i c e  and taken  the  

same day t o   t h e  Department of   Environment - F i s h e r i e s  and Oceans 

Labora to ry   a t  Cypress  Creek, West Vancouver, f o r   a n a l y s i s .  A t  each s i t e  

pH was measured us ing  a Hach k i t 1   c o l o r i m e t r i c   t e c h n i q u e  and stream 

temperature was recorded. 

1 Hach Chemical Company.  Box  907, Ames, Iowa. 500100 USA. 
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In  the 1 aboratory, water samples were analyzed for  dissolved 
oxygen content;  total , vol a t i l  e and non-fil  terabl  e  residues ; col our, 
turbidity,  total  hardness,  alkalinity,  conductivity, and levels of 
n i  tri te-ni  trate  nitrogen, ammonia nitrogen,  total phosphate and total 
organic  carbon. Methods  used for  these  analyses  are  listed i n  Appendix 
11. 

Oxygen content of the  rivers over  a 24-hour period was measured 
once. Beginning a t  2330 hr on August 6, 1974, dissolved oxygen was 
measured every two hours for  a 24-hour period a t  a l l   s ta t ions on the 
Serpentine and Nicomekl Rivers. 

Col iform 1 evel s a t  each station were  measured i n  March  and 
August, 1975, b u t  the  results of these  tests were arr'dentally  destroyed. 
The GVRD has routi ne1 y measured col i form level s i n  this watershed b u t  have 
agreed w i t h  the municipalities not to  publicize  the  results. Coliform 
1 evel s from the GVRD survey may, however,  be  viewed a t   the  Langley and 
Surrey municipal offices.  

2.3  Macroinvertebrate  Populations 
Macroinvertebrate popul ations were sampled a t  each station i n  

October 1974  and January, April and July 1975, b u t  because funds were 
1 imi ted,  only  the April sampl es were analyzed. An Eckman dredge2 w i t h  a  col- 
lection  capacity of 529 cm2  was used t o  sample bottom sediments a t  the Ser- 
pentine and  Nicomekl stations.  These samples were sieved on s i t e  through 
a 520 u sieve. However the bottom o f  Mahood Creek was too compacted for 
the Eckman dredge so a  modified Hess circular  sampl er3 w i t h  a  coll  ection  area 
of 0.093 m2 and a 351 u net was used. The  Hess sampler could  not be used 
i n  the  Serpentine  or Nicomekl because these  rivers were too deep. 

Three samples were taken a t  a s i t e  and the  material pooled prior 
to  analysis. Sampl es were preserved w i t h  a buffered 10% formal i n  

2 Wil dco Instruments and Aquatic Sampling Suppl i es ,  Saginaw, Michigan, 
U.S.A. 
3 B u i l t  by EPS staff  as  described by Waters and  Knapp (1961 1. 
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s o l u t i o n  and l a t e r   i d e n t i f i e d  and enumerated at   the  Envi ronmenta l  

Protect ion  Service  Laboratory,   1801 Welch S t ree t  , North Vancouver. 

Organisms  were ca tegor ized  as t o   t h e i r   s e n s i t i v i t y   t o   p o l l u t i o n ;  
i .e., " p o l l u t i o n   t o l e r a n t " ,   " m o d e r a t e l y   t o l e r a n t " ,   o r   " s e n s i t i v e "  

a c c o r d i n g   t o   S e r v i z i  and Burkhal ter   (1970)  and t h e  numbers i n  each  ca- 

tego ry  were  graphed. F a m i l i e s   i n  e a c h   c a t e g o r y   a r e   l i s t e d   i n  Appendix 

111. No at tempt was  made t o  compare t h e   r e s u l t s   o f   t h e   t w o   c o l   l e c t i o n  

methods; so d a t a   f o r  Mahood Creek  must be considered  separately  f rom  data 

fo r   t he   Se rpen t ine  and  Nicomekl . 
2.4 Periphyton  Populat ions,  Pigment  Content and Dry and Ash Weight 

Per iphyton was c o l l e c t e d  on g lass  microscope  s l ides immersed a t  

each s t a t i o n .   S l i d e s  were  changed  once a month  from  March  1975 t o  
November 1975  except i n   J u l y  and August when t h e   s l i d e s  were  changed t w i c e  

a month. A t  each s i t e ,   s i x   s l i d e s ,  each 19.6 cm2 i n  area,  were 
mounted on  a p l   e x i g l   a s s  tray and  suspended 25 cm bel  ow the  water   sur face 

from a f l o a t  anchored  by a concrete  b lock  (Stockner   e t  a1 . , 1972). The 

contents o f  t w o   s l i d e s   p e r   s i t e  were  analyzed  for   ch lorophyl l  -a  and 

phaeopigment  content,  two  were  used t o  determine  dry  and ash weight, and 

two  were  used t o   i d e n t i f y  and  enumerate t h e   k i n d s   o f  a1 gae present. 

S1 ides  were se lec ted  a t  random f o r  each analysis.   For  determinat ions  of  

pigment  or  ash  weight, 2 s l i d e s  were  scraped i n t o  125 m l  o f   d i s t i l l e d  

water and r e f r i g e r a t e d .  Samples f o r   s p e c i e s   i d e n t i f i c a t i o n  were  scraped 

i n t o  a 500 m l  g l a s s   b o t t l e   o f   d i s t i  1 l ed   wa te r   con ta in ing  1 m l  o f  Lugol ' s  

so lu t i on .  Pigment conten t  and d r y  and  ash weight  analyses  were done by 

t h e  Department o f  Environment - F i s h e r i e s  and Oceans Laboratory a t  Cypress 

Creek as out1 i ned by Stri c k l  and  and  Parsons  (1968). A1 gae were i d e n t i  f i  ed 

under an inverted  microscope  using  Prescott   (1964) as  a key. The number o f  

c e l l  s of  each  genera was counted i n  two  f ie lds,   averaged , then  ext rapo-  

l a t e d   t o   g i v e   t h e  number o f   ce l l s   per   square   cen t imeter  of s l i d e   s u r f a c e .  

Because o f  vandal i sm, no  samples cou ld  be co l l ec ted   f rom Mahood 

Creek, s t a t i o n s  1, 5 and 6 on t h e  Nicomekl o r   s t a t i o n  1 on the  Serpentine. 
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Due to   funding  shor tages,   p igment  and  ash weight were  determined f o r   o n l y  

f o u r  months  and a l g a e   i d e n t i f i c a t i o n  and enumeration done f o r   o n l y  June o r  

J u l y  samples. 

2.5 Metal  Levels i n   F i s h  Muscle  Tissue 

Dur ing   Ju l y  and August 1975, f i s h  were  caught a t  each s t a t i o n  

us ing  a minnow t rap .  Over the  two month p e r i o d  a  maximum o f   t e n   f i s h  were 

kept  a t  any one s t a t i o n .  On t h e  day o f   c a p t u r e   t h e   f i s h  were  weighed, 

measured f o r   l e n g t h ,   t h e n  a s e c t i o n   o f   m u s c l e   t i s s u e  was taken  from  each 

f i s h  by one o f  two  methods: f o r   l a r g e   f i s h ,  a r e c t a n g u l a r   s e c t i o n   o f   f l e s h  

approximately 30 grams i n  weight was removed from one s i d e   o f   t h e   f i s h  

immediately  behind  the head  between the  mid  dorsa l  and l a t e r a l   l i n e s ;   i n  

s m a l l e r   f i s h ,  a 3 c e n t i m e t e r   s e c t i o n   o f   t h e   e n t i r e   f i s h  body was removed 

from between the   pec to ra l  and a n a l   f i n s .   I n  each  case only   the  muscle 

t i s s u e  was d issec ted   ou t  and f rozen  for   analyses.   T issue samples  were 

1 ater   analyzed  for   ca lc ium, magnesi um, copper ,   z inc,   i ron and  manganese by 

t h e  EPS - F i s h e r i e s  and Oceans Laboratory a t  Cypress  Creek.  Both t h e  wet 

( a c i d )  method and the  low  temperature,  dry  ash  methods were  used as 

descr ibed i n   t h e  1974 Laboratory Manual  pub1 ished  by  the  Laboratory.  

Since a minimum  sample s i z e   o f  75 grams was r e q u i r e d   f o r   t h e s e   r o u t i n e  

meta l   analyses,   muscle  sect ions  f rom  f ish  o f   the same species were pooled 

u n t i  1 an adequate  sample  weight was a c q u i r e d   f o r  each s i t e .  
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3 RESULTS AND DISCUSSION 

3.1 Water  Qual i t,y 

3.1.1 Temperature.  Water  temperature  recorded f o r   t h e  Nicomekl  and 
Serpent ine  Rivers and Mahood Creek are  shown i n   F i g u r e  5. Water 

tempera tures   cor respond  c lose ly   to   average  a i r   tempera tures   fo r   the   reg ion  

(Tab1 e 1) ranging  between  s i tes  f rom a l o w   o f  -0.5"C - 0°C i n  February t o  

a h igh  o f  16.2OC - 23.5OC i n  Ju ly .   D i f ferences i n  water  temperatures 

between s i t e s  was g r e a t e s t   i n   t h e  summer months  and r e f 1   e c t   d i f f e r e n c e s  

i n   v e g e t a t i v e  shade cover and, t o  a lesser   ex ten t ,   depth  and stream  flows. 

The Serpentine  River  which has very 1 i ttl e shade  cover  anywhere a1 ong i t s  

banks  had the   h ighes t  summer temperatures  o f  up t o  23.5OC, w h i l e  Mahood 

Creek  which i s  shaded over much o f   i t s  course   d id   no t  exceed 18.5OC. 
Stream  temperatures i n   t h e  Nicomekl  increased  progressively  from  upstream 

t o  downstream s t a t i o n s  as t h e   r i v e r  bank cover changed  from  bush and t r e e s  

above s t a t i o n  1, t o   p r i m a r i l y   g r a s s  o r  d i r t   t h r o u g h   t h e   u r b a n ,   t h e n   r u r a l  

sec t ions  downstream. Even  on Mahood Creek,  which i s   g e n e r a l l y   w e l l  

shaded,  bank cover a t  a p a r t i c u l a r   s i t e   a f f e c t e d   s t r e a m   t e m p e r a t u r e s  a t  

t h a t   s i t e :   s t a t i o n  1 i n   t h e  urban  sect ion and s t a t i o n  4 i n   t h e   r u r a l   a r e a  

bo th  have  grass  banks  and  both had h ighe r  summertime temperatures  than  the 

w e l l   t r e e d   m i d d l e   s t a t i o n s .  

The i n c i p i e n t   l e t h a l   t e m p e r a t u r e   f o r  coho f ry  i s  25.0°C ( B r e t t  

1952), f o r   s t i c k l e b a c k  it i s  25.8OC (Blahm  and  Parente, i n  Water Q u a l i t y  

C r i t e r i a ,  1972),  and f o r  wi I d   a d u l t   s t e e l  head it i s  21°C (Coutant , 1970). 

Thus from  mid  June  through  August,  salmon and t r o u t  f ry o r  e a r l y   a d u l t  

spawners  would  be  faced  wi th  near  lethal   temperatures i f  they   migra ted  

f r o m   t h e   c o o l e r   t r i b u t a r i e s  o r  e s t u a r y   i n t o   t h e  mainstem  Serpentine o r  

Nicomekl  Rivers. Even i n   t h e   t r i b u t a r i e s ,   g r o w t h  may be i n h i b i t e d   i n  

res iden t  salmon, t r o u t ,   s t i c k l e b a c k ,  and i n v e r t e b r a t e s  i f  stream  tempera- 

t u r e s   c l i m b  above 19OC as a r e s u l t  o f  low  f lows and l o c a l  removal o f  

shore1  ine   vegeta t ion   (Bre t t ,  1971). High  water  temperatures can a1 so pro- 

mote  excessive  growth  of   a lgae and e v e n t u a l   e u t r o p h i c a t i o n ,   p a r t i c u l a r i l y  

where n u t r i e n t   l e v e l s   a r e   h i g h   ( Q u a l i t y   C r i t e r i a   F o r  Water, EPA, 1976). 
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3.1.2 D isso lved Oxygen.  The d i sso l ved  oxygen conten t  (mg/l 02) o f  
samples taken  from  the  Nicomekl and Serpent ine  Rivers and Mahood Creek a re  

g i v e n   i n   F i g u r e  6, w h i l e  oxygen s a t u r a t i o n   l e v e l s   a r e  shown i n  Figure 7. 
I n  Mahood Creek,  where  salmonid  spawning i s   l i k e l y ,   d i s s o l v e d  

oxygen content  always  exceeded 7 mg/l and s a t u r a t i o n   l e v e l s  were u s u a l l y  

90% o r  g rea te r  and never   less  than 80%. Corresponding  with  seasonal 

temperatures,  oxygen  content  at a l l   s t a t i o n s  was h i g h e r   i n   t h e   w i n t e r  

months  from November t o   A p r i  1 and decreased i n   t h e  summer months as stream 

temperatures  rose.   Saturat ion  leve ls  peaked a t  a l l   s t a t i o n s   i n   A p r i l  1975 

(101-136%),   then  g radua l ly   dec l ined  un t i l   Oc tober  when t h e   l o w e s t   l e v e l s  

o f  71-88%  were  measured. Oxygen l e v e l s   a t   t h e  downstream s t a t i o n  were 

u s u a l l y   l o w e s t   w h i l e   v a l u e s   a t   t h e   u p s t r e a m   s t a t i o n  1 were genera l l y  

h ighes t  and supersaturated  from March u n t i l  September. 
I n   t h e  Nicomekl, as i n  Mahood Creek,  oxygen conten t  was always 

above 7 mg/l , and s a t u r a t i o n   l e v e l s  were lowest i n   t h e   c o l d  wet  months 

from November t o  March. S a t u r a t i o n   l e v e l s   i n   t h e   w i n t e r   u s u a l l y  ranged 

from 65 t o  85%, somewhat lower  than sampl es from Mahood Creek.  However 

from June t o  September both  years,  and i n  Apr i  1 (but   not  May) o f  1975, t h e  

Serpent in was almost  a lways  supersaturated,  wi th peak l e v e l s   r e c o r d e d   i n  

September.  Unl i ke i n  Mahood Creek, s a t u r a t i o n   l e v e l  s i n   t h e  N i  comekl 

tended t o   i n c r e a s e  downstream  from s t a t i o n  1. This  trend,  however, was 

on ly   ev iden t   du r ing   sp r ing  and summer  when the   water  was supersaturated 

w i t h  oxygen. 

the   two  ups t ream  s ta t ions  and hig 'hest   at   the  two  downstream  stat ions.  As 

on t h e  Nicomekl , t h i s   i n t e r s t a t i o n   t r e n d  was on ly   obv ious   dur ing   the  

summer months when s a t u r a t i o n   l e v e l s  were  reached.  Seasonal d i f f e r e n c e s  

i n  oxygen s a t u r a t i o n  were no t  as marked on the  Serpent ine as i n   t h e  

Nicomekl b u t   t h e   p a t t e r n  of  change was s im i la r   w i th   l owes t   va lues   reco rded  

i n   t h e   f a l l  and w i n t e r  and highest  values  from  June t o  September,  and w i t h  

a s l i g h t  peak i n   A p r i l  and maximum l e v e l s   r e a c h e d   i n  September. 

Sa tu ra t i on   l eve l s   a t   t he   ups t ream  two   s ta t i ons  were u s u a l l y   q u i t e   l o w  

In   the   Serpent ine   R iver ,  oxygen s a t u r a t i o n   l e v e l s  were lowest a t  
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ranging  from 55-85% throughout   the   year   a l though  s ta t ion  2 was 

supersaturated i n  August and  September 1975. Downstream, w i n t e r   l e v e l s  

ranged  usual l y  from  67-85%  while summer l e v e l s  were  from  102435% i n  1974 

and  75-136% i n  1975. 

Oxygen s u p e r s a t u r a t i o n   i n   t h e  downstream  lowland  stat ions  of   the 

Serpent ine and Nicomekl  could be a by-product   o f  a1 gae s t i m u l a t e d   t o  

growth by the  warmer temperatures and inc reas ing  day1 i g h t   o f   s p r i n g ,  and 

f e d  by n u t r i e n t   r i c h   r u n o f f   f r o m   a d j a c e n t   f i e 1  ds. Measurements o f  oxygen 

recorded  over a 24-hour  period i n   t h e  Nicomekl and Serpent ine   con f i rm  tha t  

s a t u r a t i o n   l e v e l s   v a r i e d   w i t h   l i g h t   l e v e l s :  oxygen s a t u r a t i o n   l e v e l s  

dec l ined  a f te r   sunset   reach ing  a l ow   j us t   be fo re   day l i gh t ,   t hen   i nc reased  

through  the day  and peaked i n   t h e   a f t e r n o o n   ( F i g u r e  8) .  However i n  August 

when these  24-hour  measurements  were made t h e r e  were no obvious 

d i f f e r e n c e s   i n   t h e   d a i l y   p a t t e r n  between  upstream and downstream 
s t a t i o n s .  

Given t h e   r e l a t i o n s h i p   o f  oxygen s a t u r a t i o n   l e v e l s   t o   l i g h t  
l eve l s ,   t he   t rends   f ound   i n   rou t i ne   mon th l y  samples  showing a downstream 

i n c r e a s e   i n   s a t u r a t i o n   o f   t h e  Nicomekl and an upstream  increase i n  Mahood 

Creek cou ld  be due t o   t h e   o r d e r   i n   w h i c h   t h e s e   s t a t i o n s  were  sampled, 

except  that   the  Serpent ine,   which was sampled i n   t h e  same fash ion  as . 

Mahood Creek, shows t h e  same t r e n d  as the  Nicomekl  which was sampled i n  

the  reverse  order .  Thus we feel   the  t rends  found  would  have been present  
regard less  o f   sampl ing  order   a l though  sampl ing  order   must   have  a f fected 

values somewhat. 

Although i n   t h e  summer months f i sh   p roduc t i on ,   i ndeed   su rv i va l  

i s   l i m i t e d  by  the  h igh  temperatures i n  the  mainstem  Nicomekl  and 
Serpentine, i n   t h e   w i n t e r  months, low oxygen l e v e l  s could  decrease 

p r o d u c t i v i t y   o f   s u s c e p t i b l e   f i s h  and i n v e r t e b r a t e   s p e c i e s ,   p a r t i c u l a r l y   i n  

the  mainstem  Serpentine. On t h e   b a s i s   o f  a review  by  Doudoroff and 

Shumway (1970) on t h e   e f f e c t s   o f  oxygen concent ra t ion  on f i sh ,   t he  U.S.A. 

Envi  romental   Protect ion Agency (Water  Qual i ty  C r i t e r i a ,  1972) recommend 

t h a t   f o r  maximum p r o d u c t i v i t y ,   e s p e c i a l l y  o f  salmon  eggs, maximum n a t u r a l  
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sa tu ra t i on   l eve l s   shou ld  be maintained - assumming t h a t  i f  man has no t  

a l t e r e d   t h e  system, n a t u r a l   s a t u r a t i o n   l e v e l s   w o u l d  be 100%. Thus o f   t h e  

streams  studied,  only Mahood Creek  had acceptab ly   h igh   w in te r  oxygen 

s a t u r a t i o n   l e v e l  s and  even here  saturat ion  of ten  dropped  below loo%, 
p a r t i c u l a r l y   n e a r   t h e  mouth. I f  maximum egg t o   j u v e n i l e   p r o d u c t i o n  i s  t o  

be maintained i n  such t r i b u t a r i e s ,  oxygen s a t u r a t i o n   l e v e l s   i n   m i d s t r e a m  

and i n  gravel  beds should  not  be a1 1 owed t o   d e c l i n e  any f u r t h e r .  Thus 

cons t ruc t i on  o r  o t h e r   a c t i v i t i e s   w h i c h   r e s u l t   i n  oxygen d e p l e t i o n   o r  
stream bank eros ion  and s i l t   d e p o s i t i o n   i n   g r a v e l  beds should be d i s -  

couraged. 

3.1.3 - pH.  pH v a l u e s   v a r i e d   d i s t i n c t l y   f r o m  season t o  season i n   t h e  
N i  comekl  and Serpent ine  (F igure 9). Values  were  low  and  stab1 e from 

November through  March  then  high and v a r i a b l e   f r o m   A p r i l   u n t i l  September. 

L i k e  oxygen l e v e l s ,  pH values  increased  proceeding downstream, b u t   o n l y  

d u r i n g   t h e   s p r i n g  and summer months. 

I n  Mahood Creek, pH values were o n l y   m a r g i n a l l y   g r e a t e r   i n  

summer samples a l though a d i s t i n c t  peak was measured i n   A p r i l .   U n l i k e  pH 

1 eve1 s i n   t h e  mainstem r i v e r s  , the   h ighes t  pH values i n  Mahood Creek  were 

recorded  a t   the  upst ream  s tat ion.   Th is   pat tern  corresponds  wi th  

i n t e r s t a t i o n   d i f f e r e n c e s   i n  oxygen s a t u r a t i o n   l e v e l s .  
pH v a l u e s   a t   t h e  downstream s t a t i o n s  o f  the  Serpent ine and 

Nicomekl  and a t   t h e   u p s t r e a m   s t a t i o n  on  Mahood Creek  peaked a t  9.1-9.3 
which i s  above t h e  1972 E.P.A. l e v e l s  recommended f o r  maximum p r o t e c t i o n ,  

and  approaches the   t o le rance  1 i m i t s   o f  some salmonids  (Water  Qual i ty 

C r i t e r i a ,  1972). However pH l e v e l s  were  more  commonly w i t h i n   t h e   b e s t  

acceptable  range  of 6.5 t o  8.5. The v e r y   h i g h   l e v e l  s recorded i n  summer 

correspond  wi th   ext remely  h igh oxygen l e v e l s  and are   p robab ly  a r e s u l t  of 

h igh   ra tes   o f   pho tosyn thes i s   a l t e r i ng   t he   ca rbona te   bu f fe r i ng   capac i t y   o f  

the  water .  
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3.1.4 Co lou r .   I n   a l l   t h ree   s t reams   co lou r   l eve l s  peaked  both  years i n  

October  or November, o therw ise   there  were no obvious  seasonal  or 

i n t e r s t a t i o n   t r e n d s  common t o   a l l  streams. In   the   N icomek l ,   co lour   leve ls  

were  lowest i n   t h e  summer months  from  June t o  September  each year.  

Throughout  the  year,  samples from s t a t i o n s  3 and 4 were  more h i g h l y  

co loured  than  f rom  the  upst ream  s tat ions 1 and 2 (Figure  10). Samples 

from the  Serpent ine showed no cons is ten t  summer-wi n t e r   d i f f e r e n c e s   o t h e r  

than  the  obvious peak i n  November. C o l o u r   l e v e l s   a t   s t a t i o n  4 immediately 

downstream o f   t h e  mouth o f  Mahood Creek  were always  lowest , b u t   a t   t h e  

o the r   s ta t i ons   co lou r   va lues  were h i g h l y   v a r i a b l e .   C o l o u r   l e v e l s   i n  

Mahood Creek  were  two t o   t h r e e   t i m e s   l o w e r   t h a n   i n   t h e   S e r p e n t i n e  and 

Nicomekl and more s tab le  f rom month t o  month.  Since  there  were  no known 

i n d u s t r i e s   c o n t r i b u t i n g   t o   h i g h   c o l o u r   l e v e l s  on the  Nicomekl and 

Serpent ine,   the  h igher   co l   our   leve l  s found  there  were 1 i k e l y  a r e s u l t   o f  

t h e   o r g a n i c   r u n o f f  from adjacent   agr icu l tu ra l   opera t ions ,and  the  peak 

c o l   o u r i  ng i n  a1 1 streams i n  November was 1 i k e l y  a r e s u l t   o f   f a 1  1 r a i n s  

washing  organic  material  accumulated  over  the summer in to   the   s t reams.  

3.1.5 T u r b i d i t y .   I n   t h e  Nicomekl , t u r b i d i t y   r e a d i n g s  were h igh  from 
November t o  February, 1974  and again i n  November, 1975 but  usual l y  low 

d u r i n g   t h e   s p r i n g  and summer months (F igure 11). The p a t t e r n   o f   t u r b i d i t y  
changes in   the   Serpent ine  were q u i t e   d i f f e r e n t  from  the  Nicomekl. In the 

Serpentine, t u r b i d i t y   l e v e l s  were genera l l y   h igh  from June t o  November 

both  years,  with a  peak i n  November 1974, but  low  from  January t o  March. 

Th is   pa t te rn  was more  obvious a t  some s ta t i ons   t han   o the rs .  Mahood Creek 

was more s i m i l a r   t o   t h e  Nicomekl i n   t h a t   t u r b i d i t y   l e v e l s  peaked i n  

November and February, 1974  and October, 1975 bu t   record ings  were 

genera l l y   low  the   res t   o f   the   t ime.   There  were  no c o n s i s t e n t   d i f f e r e n c e s  

i n   t u r b i d i t y   r e a d i n g s  between  upstream and  downstream s t a t i o n s  on any o f  

the  streams  except on t h e  Nicomekl  where s t a t i o n  1 was u s u a l l y   l e a s t  

t u r b i d .  
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Peak 1 evel  s i n  a1 1 t h r e e   r i v e r s  were  usual l y  i n   t h e  range o f  20 

t o  30  Formazine T u r b i d i t y   U n i t s  (FTU), h i g h   l e v e l s  were  over  15 FTU, and 

1 ow levels  under  10 FTIJ. H i g h   t u r b i d i t y   l e v e l s   o f  34 and  80 FTU which 

were  recorded a t  s t a t i o n  1 on  Mahood Creek d u r i n g   t h e   w i n t e r   o f  1974 

r e s u l t e d   f r o m   s i l t a t i o n  caused  by a c o n s t r u c t i o n   p r o j e c t .  Similarly, 

unusua l ly   h igh  1 evel  s a t  one s t a t i o n  o r  another   dur ing a p e r i o d   o f  

no rma l l y   l ow   tu rb id i t y   read ings  were probably due t o   l o c a l   a c t i v i t i e s  o r  

grazing  causing  streambank  erosion and stream  sedimentation.  During 

per iods   o f   " low"   tu rb id i ty ,   read ings   f rom  the   Serpent ine ,   wh ich   ranged 

from  6-12 FTU, were h igher   than  the  average  ' ' low"  va lues  o f  2-8 FTU r e -  

corded i n   t h e  Nicomekl  River and Mahood Creek. T h i s   d i f f e r e n c e   r e f l e c t s  

t h e   f a c t   t h a t  much o f   t he   Se rpen t ine ' s  banks a re   ba r ren   o f   b rush   o r   t rees  
and t h e r e f o r e  more s u b j e c t   t o   e r o s i o n   t h a n   t h e  banks o f  t h e  Nicomekl o r  

Mahood. However, t h e   r e a s o n   f o r   h i g h   t u r b i d i t y   l e v e l s   i n   t h e   S e r p e n t i n e  

bu t   low 1 evel  s i n   t h e  N i  comekl and Mahood d u r i n g   t h e  summer i s   n o t  

obvious. 

3.1.6 Residue:   Tota l ,   Non-Fi l terable,   Volat i le .  
( i )   T o t a l  Residue.   Seasonal ly   the  pat tern  o f  change i n   t o t a l  

residues was s i m i l a r   i n   t h e  Nicomekl  and Serpentine  (Figure  12).  Residue 

values were h igh   f rom June u n t i l  November 1974, then  dropped i n  January, 

1975  and  remained l o w   u n t i l   J u l y ,   t h e n  peaked i n  September  and  October, 
but   dropped  sharply  again i n  November. T h i s   p a t t e r n   o f  change was 

s l i g h t l y   d i f f e r e n t   i n  Mahood Creek as r e s i d u e   l e v e l s   d i d   n o t   d r o p   i n  1975 

u n t i l  March  and increased  again as e a r l y  as June (Figure  12).  

Residue l e v e l s   i n  Mahood Creek  ranged  from  80 t o  283 mg/l  and 

were  genera l ly   lower   than i n   t h e  Nicomekl or   Serpent ine where l e v e l s  

ranged  from  100 t o  7600  mg/l  and  95 t o  990  mg/ l   respect ive ly .   In   both  the 

mainstem r i v e r s   t h e r e  was a marked i n c r e a s e   i n   r e s i d u e   l e v e l s   f o u n d   a t  

downstream s t a t i o n s   ( e x c e p t   s t a t i o n  4 on the   Se rpen t ine ) ,   wh i l e   i n  Mahood 

Creek, r e s i d u e   l e v e l s  were h ighes t  a t  the   ups t ream  s ta t ion  1. This t o  be 

expected as  bank cover was l e a s t  and a c t i v i t y   g r e a t e s t   a t   t h e s e   s t a t i o n s  
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so sedimentation due t o   e r o s i o n  and runof f   would be high. Low res idue 

va lues   found  a t   s ta t ion  4 on t h e   S e r p e n t i n e   r e f l e c t   i t s   p o s i t i o n  

immediately  downstream o f  t h e  mouth o f   t he   c leaner  Mahood. 

To ta l   res idue   l eve l  s are  a measure o f  combined l e v e l  s o f  

suspended  sediment,  algae  and  other  organic  components, and d i sso l ved  

s o l i d s   i n   t h e   w a t e r  column.  Seasonal o r   i n t e r s t a t i o n   d i f f e r e n c e s   i n   t o t a l  

r e s i d u e   l e v e l s   o f   t h e   d i f f e r e n t   r i v e r s  can on ly  be understood  by  look ing 

a t  changes i n   t h e  component parameters. 

( i i )   N o n - F i l t e r a b l e  Res idue.   Non- f i l te rab le   res idue  leve ls   a re  a 
measure o f  suspended  sediment  and o rgan ic   con ten t   i n   t he   wa te r  column. I n  

t h e  Nicomekl t h e r e  was a seasona l   t rend  to   these  va lues   a t   s ta t ions  1 and 
2 where l e v e l s  were  high and var iab le   f rom September t o  May then  lower and 

more s t a b l e   i n  June  and J u l y  each year   (F igure  13).  But t h i s   t r e n d  was 

n o t   e v i d e n t   a t   t h e   t w o  downstream s t a t i o n s  where l e v e l s  were s l i g h t l y  

h igher   than  a t   ups t ream  s ta t ions  and h igh l y   va r iab le   f rom month t o  month. 

A t  a1 1 s t a t i o n s   l e v e l s  were h i g h e r   i n   t h e   f a 1  1 and w i n t e r   o f  1974 than 

du r ing   t he  same p e r i o d   i n  1975. 

A d e f i n i t e  seasonal   pat tern was obv ious  a t  a1 1 s t a t i o n s  on t h e  

Serpent ine ,   bu t   un l i ke   s ta t ions  1 and 2 on t h e  Nicomekl , l e v e l s  were 

1 owest i n  January,  February and  March, 1975 and h igh  the  preceeding and 

f o l l o w i n g  summer and fa1 1. This  seasonal   pat tern  very  roughly  corresponds 

t o   t h a t   o f   t u r b i d i t y   l e v e l s   ( F i g u r e  11). Nineteen  seventy-f i  ve  values i n  

the  Serpent ine  were  genera l ly   the  h ighest   recorded  f rom  the  three  r ivers .  

N o n - f i l t e r a b l e   r e s i d u e   l e v e l s   i n  Mahood Creek  were lower  than 

i n   t h e  mainstem r i v e r s   e x c e p t   i n   t h e   w i n t e r   o f  1974 when cons t ruc t i on  

above s t a t i o n  1 i n t r o d u c e d   h i g h   l e v e l s   o f  suspended s o l i d s   i n t o   t h e  

stream. I n  Mahood Creek,  values  were  low  from  April  through  July,  then 

increased from August u n t i l  October 1975. Readings a t   s t a t i o n  4 were 

s l i g h t l y  highe.4- than a t  upst ream  s tat ions.  

( i i i )   V o l a t i l e  Residue. - Vola t i l e   res idue ,  a measure o f   t h e   o r g a n i c  

component i n   t h e   w a t e r  column, was h i g h e s t   i n  June,  1974 i n  both  the 
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Nicomekl  and Serpent ine  Rivers  (Figure  14).   Values  decreased  unt i  1 

January 1975 t h e n   r e m a i n e d   r e l a t i v e l y   s t a b l e   u n t i  1 August o r  September 
when organ ic   leve ls   aga in  peaked, b u t   o n l y   m a r g i n a l l y  compared t o   t h e  

previous summer. Downstream s t a t i o n s  had much h i g h e r   l e v e l s   o f   o r g a n i c s  

i n   t h e  summer of  1974  and t o  a  much l e s s e r   e x t e n t ,   i n   t h e   f a l l   o f  1975. 

There  were  no  obvious  seasonal d i   f f e r e n c e s   i n   o r g a n i c   l e v e l  s of   water   f rom 

Mahood Creek (F igure  14)1, b u t  no measurements  were taken i n  1974 when 

these   d i f f e rences  were  most e v i d e n t   i n   t h e  mainstem r i v e r s .  There  were 

a1 so no c o n s i s t e n t   d i f f e r e n c e s  between s t a t i o n s  on  Mahood Creek. Dur ing 

the   w in te r ,   o rgan ic   leve ls ,   though  var iab le ,  were i n   t h e  same range i n   a l l  

t h r e e   s t  reams. 

3.1.7 T o t a l  Organic Carbon. Organic  carbon levels a r e  used as an 

i n d i c a t i o n   o f   o r g a n i c   m a t e r i a l   i n   t h e   w a t e r  column  which, i f  present i n  

excess, may decrease  d isso lved  oxygen  leve ls ,   ta in t   f i sh   f lesh ,  and 

cause  obnoxious  odours.  Sources o f   o r g a n i c   m a t e r i a l   i n   t h e   s t r e a m s   a r e  

usua l l y   na tu ra l   de t r i t us ,   domes t i c  and i n d u s t r i a l  waste  discharges, and 

r u n o f f   f r o m   f e e d   l o t s ,   p a s t u r e s ,   n u r s e r i e s ,   f e r t i l i z e d  f a r m  f i e l d s  and 

o t h e r   a g r i c u l t u r a l   o p e r a t i o n s .  

In   the  Nicomekl  , organ ic   carbon  leve ls  were u s u a l l y   h i g h e r  a t  

the  two  downstream  stat ions  located i n   t h e   i n t e n s i v e l y  farmed  lowland 

(F igure  15). However i n   t he   Se rpen t ine ,   o rgan ic   ca rbon   l eve l  s a t  a1 1 

s ta t ions ,   except  4, were  as h i g h  as o r   h i g h e r   t h a n   a t   t h e  downstream 

s t a t i o n s  on t h e  Nicomekl.  This  would be expected as t h e   e n t i r e   l e n g t h  o f  
the  Serpent ine where s t a t i o n s  were l oca ted  was farmed,  whereas the  up- 

s t ream  s ta t ions  on t h e  Nicomekl  were i n  a more res ident ia l   a rea .  Samples 

f r o m   s t a t i o n  4  on the  Serpent ine had lower  carbon  levels  than  elsewhere i n  

t h i s   r i v e r  because  water  here i s   d i l u t e d   b y  Mahood Creek  which a1 ways had 

much lower   o rgan ic   carbon  leve ls   than  the   ma ins tem  r i vers .  

A t  all mainstem  s tat ions,   organic   carbon  leve ls  peaked both 

y e a r s   i n  November w i t h   t h e   s t a r t   o f   t h e  heavy w in te r   ra ins .   Dur ing   the  

d r y  summer months  from  June t o  September, 1975, c a r b o n   l e v e l s   i n   t h e  
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Nicomekl decl ined  markedly  at   the  two  upstream  stat ions  but  remained  high 
a t  s t a t i o n s  3 and 4. Sim i la r l y ,   ca rbon   l eve l s   a t   s ta t i ons  1 and 2 on t h e  

Serpent ine  dec l ined i n  June,  however l e v e l s   i n c r e a s e d   a g a i n   i n  August a t  

s t a t i o n  2 and i n  September a t   s t a t i o n  1. The lowlands  are  farmed more 

i n t e n s e l y  and i t  i s   l i k e l y   t h a t   f i e l d s   h e r e   a r e   i r r i g a t e d  more than a t  t h e  

upst ream  s tat ions.  Thus organ ica l  ly r i c h   r u n o f f  from i r r i g a t e d   f i e l d s  

p r o b a b l y   c o n t r i b u t e d   t o   h i g h e r   l e v e l s   o f   o r g a n i c   m a t e r i a l   a t   t h e  

downstream s t a t i o n s   d u r i n g   t h e  summer months. Unfor tunate ly ,  samples  were 

n o t   a n a l y z e d   f o r   c a r b o n   l e v e l s   i n   t h e  summer o f  1974 so we do no t  know i f  

the   pa t te rn   obse rved   i n  1975 i s   c h a r a c t e r i s t i c .  

I n  Mahood Creek,  carbon l e v e l s  were h i g h   i n   t h e   w i n t e r ,  peaked 

w i t h   t h e   f a 1  1 and sp r ing   ra ins ,  and  were lowest i n   t h e  summer months. The 

decrease i n  c a r b o n   l e v e l s   i n  summer  was g rea tes t  a t  s t a t i o n s  2 and 3 where 

streambanks  have t h e  most vegetat ive  cover .  

3.1.8 Tota l  Phosphate.  Phosphate l e v e l s   a r e  a measure o f   water   nu-  

t r i e n t   l e v e l s  and i n d i c a t e   t h e   p o t e n t i a l  f o r  organic  growth i n   t h e  stream. 

Fo r  n i n e   o f   t h e   f i f t e e n  months  sampled,  phosphate l e v e l s  a t  

the  two downstream s t a t i o n s  on t h e  Nicomekl  were h igher   than a t  upstream 

s t a t i o n s   ( F i g u r e  16). However, t h i s   d i f f e r e n c e  was no t  a1 ways cons is ten t  

w i t h  season or f l o w   r a t e  so i t s   s i g n i f i c a n c e  i s  ques t ionab le .   In   the  
Serpent ine  there were  no  obvious i n t e r s t a t i o n   d i f f e r e n c e s   o t h e r   t h a n  

s t a t i o n  4 where  phosphate  levels were  always  reduced  by d i l u t i o n   w i t h  

Mahood Creek  water.  Seventy  percent o f  samples  from Mahood Creek  had l e s s  

than 0.05 mg/l PO4, whereas i n   t h e   S e r p e n t i n e  and  Nicomekl , 
respec t i ve l y ,  50% and 63% o f  samples  ranged  from 0.05 t o  0.15 mg/l PO4 
and the  remainder  were  h igher and concent ra t ions  up t o  1.95 mg/l  were 

recorded. 
A t  s t a t i o n s  1 t o  3 on t h e  Nicomekl  and a t   a l l   s t a t i o n s  on 

Mahood Creek,  phosphate  levels  decl ined  f rom June t o  September t h e n   i n -  

c reased  aga in   w i th   the   fa1  1 r a i n s   i n  October  or  November both  years.   Th is  

t r e n d  was not   obv ious i n   t h e   S e r p e n t i n e  o r  a t   s t a t i o n  4 on t h e  Nicomekl 
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where irrigation runoff from fertilized  fields  likely kept levels h i g h  
d u r i n g  the summer. 

3.1.9 N i  t r i  te-Nitrate Nitrogen. The chief sources of nitrites and 
nitrates i n  water are from bacterial conversion of ammonia i n  domestic 
sewage, animal wastes, and fertilizer runoff from fields,  nurseries, 
etc., and from  decomposing organic matter. The bacterial oxida t ion  of 
ammonia and nitrites depresses water  oxygen level s and the nitrate created 
i s  a nutrient which i f  present i n  excess can lead t o  eutrophication o f  
streams. 

In 1974 and 1975 n i  t r i  te-ni trate  levels peaked i n  the fa1 1 a t  
a l l  stations, however 1974 peak levels were two t o  four  times  higher 
(Figure 17) .  A t  a l l  stations where bank cover was minimal and agricul- 
tural or septic tank runoff greatest, t h a t  i s  a t  a l l  stations on the 
Serpentine, except station 4 ,  a t  stations 3 and 4 on the Nicomekl , and a t  
station 1 on Mahood Creek, nitri te-ni trate  levels were low i n  the spring 
and summer ( <  - 0.5 mgN/l) and h i g h  i n  f a l l  and winter (>  1.0 mgN/l). A t  
the  other stations,  nitrite-nitrate  levels were h i g h  (0.7 t o  1.0 mgN/l) 
and more stab1 e throughout  the year , except d u r i n g  the fa1 1 peak. Thus  , 
a1 though there were seasonal variations i n  nitrite-nitrate  levels a t  
stations under greatest agricultural  influence,  there was no downstream 
accumul a t i o n  o f  n i  t r i  te-ni trate nitrogen. 

- 

The spring and summer depression i n  nitrite-nitrate  levels a t  
some stations may mean t h a t  these nutrients were used by growing algae 
almost as rapidly  as they were  formed from ammonia, and/or t h a t  nitrates 
applied t o  fields were bound up i n  growing plants and d i d  not  run off  i n  
irrigation water. Supersaturated oxygen levels during spring and summer 
a t  most stations on the Serpentine, a t  stations 3 and 4 on the Nicomekl, 
and a t  s t a t i o n  1 on Mahood Creek  tend to confirm tha t  algae growth was 
h i g h  a t  these stations. The increase i n  nitrites and nitrates i n  fa l l  
corresponds w i t h  a decrease i n  oxygen saturation and pH which i n  turn 
indicates decreased p l a n t  growth.  I t  a1 so corresponds w i t h  an increase i n  
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r a i n f a l l  and subsequent runof f   f rom  agr icu l tura l   operat ions as wel l  as  an 
increase  in  organic  matter  f rom  dying  leaves,  grass,   etc.  

Results were not  broken down i n t o   n i t r i t e  and n i t r a t e  
concentrat ions so t h e   t o x i c i t y   e f f e c t  on f i s h   o f   t h e  combined value  cannot 
be   in te rpre ted  as n i t r i t e s   a r e  10,000 times more tox i c   t han   n i t ra tes  

(E.P.A., 1976) 

3.1.10 Ammonia Nitrogen(NH3 + NH4+). Ammonia i s  excreted 
i n  human and domestic  animal  wastes and i s  a breakdown p roduc t   o f   n i t ro -  
genous wastes. It i s   h i g h l y   s o l  uabl e i n  water and i n   i t s   u n d i s s o c i a t e d  
form i s   d i r e c t l y   t o x i c   t o   a q u a t i c  organisms (E .P .A . ,  1976). I n   a d d i t i o n ,  
t h e   n i t r i f i c a t i o n   o f  ammonia i n  water consumes oxygen. 

" - 

I n  1975, ammonia l e v e l s   a t   a l l   s t a t i o n s  were h igh  and var iab le  
dur ing  the  winter  then  dropped  sharply  to  less  than 0.10 mg N/1 i n  May 
o r  June,  and  remained  low u n t i l  October  (Figure 18). This   t rend was no t  
evident  the  previous summer, indeed some o f   t he   h ighes t  ammonia l e v e l s  
were recorded i n  June, J u l y  and September, 1974 a t  var ious  s ta t ions.   Th is  
d i f fe rence between 1974 and 1975 l e v e l s  was  a1 so found i n   n i t r i   t e - n i   t r a t e  
l e v e l s   b u t   t h e  cause o f   t h e  change i n   n i t r o g e n   i n p u t   i s  unknown. 

Dur ing  the summer,  ammonia l e v e l s  were s i m i l a r l y   l o w   i n   a l l  
three  streams  but  dur ing  the  winter,   levels were s l i g h t l y   h i g h e r   i n   t h e  
Nicomekl  River.  There was no downstream accumulation o f  ammonia i n   t h e  
Nicomekl o r  Mahood  a1 though i n  the  Serpentine,  winter ammonia l e v e l  s were 
h i g h e s t   a t   t h e   l a s t  two  downstream stat ions.  

High pH values  found i n  downstream s ta t ions  on the Nicomekl  and 

Serpentine  from  June t o  September (F igure 9), coup1  ed with  increased temp- 
eratures  (F igure 5) would  increase  the  percent  of   toxic  un- ionized ammonia 

present i n  water  (Thurston,  et.al. 1974). Samples were not  analyzed  for  
NH4+ vs NH3 content, however i n   t h e  summer o f  1975, t o t a l  ammonia 
n i t rogen  leve l  s were f a r   b e l  ow l e v e l  s known t o  cause l e t h a l   o r  sub1 ethal  
e f f e c t s   i n   t r o u t  fry (Fromm, 1970; Burrows, 1964), and leve ls   f ound   i n   t he  
summer o f  1974 and w in te r  1975 would  only  be  harmful i f  a1 1 the ammonia 
present was un-ionized,  which i s   n o t   l i k e l y  (Thurston  et.al., 1974). 
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3.1.11 Alkalinity (mg CaC03/1). - Alkalinity i s  a measure of the 
buffering  capacity of water and thus can affect  organisms direct ly  through 
pH changes or indirectly by  a1 tering  the  toxicity of other  chemicals such 
a s  ammonia  and heavy metal s. 

Seasonally  the a1 kal ini ty  a t  a l l   s ta t ions sampled was  low 
from November u n t i l  March (15-30 mg CaC03/1), and h i g h  from spring to 
f a l l  both years (7 - 40 mg CaC03/1) (Figure 19) .  There was  no 
appreciable  difference i n  a1 kal i n i  ty  level s between stations  or  streams. 
Peak  a1 kal in i ty   levels  occurred a t  the same time as  assumed peak 
photosynthetic  activity, even so, pH levels   increased  a t   th is  time. 

3.1.12 Total Hardness (mg CaC03/1 equi velent) . The total concen- 
t ra t ion of cal  ci urn and  magnesi um sal ts peaked twice a t   s t a t ions  on the 
Nicomekl  and Serpentine  Rivers , a 1 esser peak i n  April and a major peak i n  
the fa1 1 (Figure 20). The fa1 1 peak occurred i n  September and October a t  
the two downstream stations on each r iver ,  b u t  usually  only i n  September 
a t  stations upstream of these. In 1974, hardness levels   a t   the  two  down- 
stream stations on the Nicomekl and Serpentine were exceptional y h i g h  
u n t i l  floodgates were instal  led i n  the  fall and tidal  influence a t  these 
s ta t ions thus minimized. However  even w i t h  the  tidegates i n  operation, 
these downstream stations had higher  hardness levels than upstream sta- 
tions. Otherwise,  hardness  level s were similar between stations and 
streams. 

In Mahood Creek, hardness  level s a t  the two downstream stations 
were  low i n  the winter of 1974, increased i n  April, then remained stable 
u n t i l  October 1975 when levels dropped again (Figure 20). The pattern was 
similar a t  the two upstream stations  except  that  hardness levels a1 so 
increased  sharply i n  July and September a t   s t a t ion  1 and i n  September a t  
station 2. Other  than these peaks,  hardness level s were simil a r  from 
station to station. 

3.1.13 Conductivity.  Conductivity i s  a measure of the total  concen- 
t ra t ion o f  ions. A seasonal  pattern of change i n  ion concentration was 
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e v i d e n t   i n   t h e   S e r p e n t i n e  and  Nicomekl  where c o n d u c t i v i t y  was h i g h   i n   t h e  

summer o f  1974, decl  i ned to   t he   l owes t  1 eve l   i n   January  1975, then   i n -  

creased  again  through  spr ing and summer be fo re   dec reas ing   sha rp l y   i n  

November ( F i g u r e   2 1 ) .   T h i s   p a t t e r n   i s   e s s e n t i a l l y   t h e  same as f o r  measure 

ments o f   a l k a l i n i t y .  However, w h i l e   c o n d u c t i v i t y  was  much h i g h e r   a t   t h e  

two  downstream s ta t i ons   o f   bo th   s t reams   du r ing   t he  summer p r i o r   t o   t h e  

i n s t a l  1 a t i o n   o f   f l o o d g a t e s   t h a n   d u r i n g   t h e   f o l l   o w i n g  summer,  a1 k a l   i n i  t y  

concen t ra t i ons  were s im i la r   bo th   yea rs .  

I n  Mahood Creek, c o r i d u c t i v i t y  was a l s o   l o w e r   i n   w i n t e r  and 

h i g h e r   i n  summer except a t  s t a t i o n s  1 and  2  where 1 evel  s i n  January  and 

February  were as h i g h  as summer values.  This  increase i n   c o n d u c t i v i t y   i n  

w i n t e r  was n o t   f o u n d   * i n   a l k a l i n i t y  measurements. C o n d u c t i v i t y   l e v e l s  were 
g e n e r a l l y   l o w e r   i n  Mahood Creek than i n   t h e  Nicomekl  and Serpentine and 

the   d i f fe rence  be tween  w in te r  and summer values was n o t  so extreme. 

3.2 Macro inver tebrate  Populat ions 

The d e n s i t y  and species  composi t ion  o f   macro inver tebrate  popula-  

t i o n s   i s  used r o u t i n e l y   t o   i n d i c a t e   w a t e r   q u a l i t y .  However, macroinverte- 

b r a t e s   a r e  a1 so affected  by  stream  bottom  composi t ion,   water  temperature,  

f low,  and f l u c t u a t i n g   w a t e r   l e v e l s  (Hynes,  1970; Cai rns  e t .a l  ., 1971; 

Whi t t o n ,  1975 1. 
Organi sms c l  assed  as  pol 1 u t i  on ' 'sensi ti vel' ( S e r v i   z i  and 

Burkhal  ter,  1970)  were  found  only a t  s t a t i o n s  1 and 2 on  Mahood Creek  and 

i n  few  numbers a t  s t a t i o n  1 on t h e  Nicomekl (F igure  22) .  However  one 

would  not   expect   these  organisms  a t   the  o ther   s ta t ions  s ince a1 1 b u t  

s t a t i o n  3 on Mahood Creek  have  deep mud bottoms and  organisms  classed as 

p o l l u t i o n   s e n s i t i v e  do no t   no rma l l y  1 i v e  on mud bot toms,   regard less   o f  

o t h e r   w a t e r   q u a l i t y   f a c t o r s .   G r a v e l   a t   s t a t i o n  3 was f a i r l y   h e a v i l y  

sedimented so again , pol  1 ut ion  sens i t ive  organisms  should  not   be  expected 

and  were not   found.  

The number o f   "modera te ly   to1   e ran t "  and " to le ran t "   o rgan isms 

found was g r e a t e s t   a t   t h e  two upst ream  s tat ions on the  Nicomekl  but 

numbers decreased  markedly a t   t h e  two  downstream stat ions.   Far   fewer  
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organisms  general ly,  were  found a t   s t a t i o n s   i n   t h e   S e r p e n t i n e ,  

p a r t i c u l a r l y   s t a t i o n s  3 and 5.  Almost no o l igochaetes  were  found a t  

s t a t i o n s  5 and 6 on the  Serpent ine o r  a t   s t a t i o n  4 on t h e  Nicomekl  where 

one  would  have  expected  large numbers o f   t hese   t o le ran t   an ima l  s. However , 
dur ing   t he   su rvey   pe r iod   t he   l ow land   po r t i on   o f   t he  Nicomekl and 

Serpentine  Rivers were  dredged e x t e n s i v e l y   t o   r e - e s t a b l i s h   t h e   d i k e s .  

Water l eve l s   he re   f l uc tua ted   sha rp l y   ove r   t he   w in te r  and the   ove ra l l   wa te r  

1 eve1 increased  approximately  two  meters. 

Samples taken on  Mahood Creek are  not  camparable t o   t h o s e   t a k e n  

on the   ma ins tem  r i vers  because o f   t h e   d i f f e r e n t   s a m p l i n g   t e c h n i q u e  used. 

To le ran t  and m o d e r a t e l y   t o l e r a n t   v a r i e t i e s  were  found a t  a1 1 s t a t i o n s  

a1 though  the number o f  organisms was unexpl   a inably   low a t  s t a t i o n  3. 

3.3 Periphyton  Populat ions,  Pigment  Content and Ash Weight. 

3.3.1 Periphyton  Populat ions.  Since  the  arrangement and  assembly o f  

a1  gae i n  s t reams  a re   h igh ly  dependent on t h e   t y p e  of subs t ra ta  (Whi t t o n ,  
1975), and r i v e r   f l o w  (Hynes,  1970), t h e   p o s i t i o n i n g  and t y p e   o f   a r t i f i -  

c i a l   s u b s t r a t e  used t o  sample  algae  populat ions may i t s e l f  be a s e l e c t i v e  

f a c t o r   i n   t h e   t y p e   o f   a l g a e  sampled. A l s o ,  a r t i f i c i a l   s u b s t r a t e s   o n l y  
show attached a1 gae forms and by  no means g i v e   t h e   t o t a l  a1 gae biomass 

present i n  a stream. 

I n   l a t e  June  and e a r l y   J u l y ,  1975, co lon ia l   d ia toms were t h e  

most  abundant  algae  found on t h e   g l a s s   s l i d e s   a t   s t a t i o n s  2,  3, 4, 5, and 

6 on the  Serpent ine and a t   s t a t i o n  2 on t h e  Nicomekl  (Table  3).  Meridion 

c i r c u l a r e  was the  dominant  species found a t   a l l   s t a t i o n s   i n   t h e   S e r p e n t i n e  

ranging  from 12,000 t o  150,000 c e l l s   p e r  cm2, However, a t   s t a t i o n  2 

on  the  Nicomekl  only 430 c e l l  s per  cm2 were  found  of t h i s   s p e c i e s ;  

i ns tead  , Tabel l a r i a   c e l l  s were  more common (10,000 c e l l  s per  a?), 
Other  abundant  a lgae  were  the  d iatoms:  Sur i re l la,   Cyclotel la,   Eunot ia,  

Cocconeis,  Navicula  and unknown Bac i l  1 ariophyceae;  as we1 1 as the   g reen 
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TABLE 4 SIZE AND COMPOSITION OF ALGAE  POPULATIONS  COLLECTED  FROM 
THE  NICOMEKL AND SERPENTINE RIVERS I N  JUNE AND JULY 1975. 

'River: NICOMEKL @ SERPENTINE 
8 8 

ALGAE 

'Sample Site: 2 2 3 4 4 5 6 

'Sample Date: J u l y  11 June 26 June 26 June 6 June 26 June 26 June 26 

'No. days s l   i d e  

8 

I 

8 

I 

I 8 

I 

submerged : 14  19  19  13  19  19  19 

Sampl e Vol me: 
( n l )  365  365  370 315 377  325  370 I 

I 

I (Number o f  c e l l s  per an2 o f  s l  ide  surface) 

Chl orophyta 
Cladophora  (Pi  thophora?) 
t losterfurn 
Hydrodictyon 
Oedogonium 
m o t h r l x  
Scenedesmus 
to1  oni  a1 c e l l  s 

Chrysophyta 
Baci 1 l a r f  ophyceae 
Achnanthes 
Amphora 
Cocconei s 

Gyrosi gma 
A e r i d i o n   c i  rcul   are 

Me1 os i   ra -  
Cyc lo te l l a  

Cyanophyta 
O s c i l l a t o r i a  

Unicel ls.  
possible Eugl enophyta 

- - - - 6700 47000 - - 72 - - - - - 160 - - - 
4000  12000 960 500  3650 P - P - - 1700 - 
325 - 1760 - 2300 - 

P P - 300 P P 

700 

700 
P 

350 
800 

- 
- 
- - - 

12000 
P 

680 
4800 
350 
3350 
700 

200 

- 

- 

a70 - - 
570 

280 
2500 

P 

80 
12200 
800 

560 
50 
50 
300 

P 

- 

- 

- 

- - 

168000 
880 

1800 
- 
- 

9700 - - - 
150000 - - - 

480 

600 
220 

- 
- - 

- 500  1800 

3660 
600 

P 
600 
600 

1200 
P 

- 
- - 

27000 
12000 
600 

3 700 

600 
2 50 
300 

21000 

- 
- 

P 

4800 

- 
330 - - 

P 
P - - 

28000 
75000 - - 
2500 
1700 - 
5500 
500 

P 
P 

P 

To ta l   a lga l   ce l l s1  x 101  18  29  30  215  332 95 165 
j 
P = present 
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a1  gae  Oedogonium and C1 adophora.  Except f o r   M e r i   d i  on, the  presence and 

abundance o f   t h e s e   o t h e r   a l g a e   v a r i e d   m a r k e d l y   f r o m   s t a t i o n   t o   s t a t i o n ,  

and f rom  the  beginn ing  o f  June t o   t h e  end o f  June a t   t h e  one s t a t i o n ,  4, 

where these  two  samples  were  analyzed. 

Some obvious  d i f ferences were  found i n  a1 gae popu la t ions  between 

upstream and downstream s t a t i o n s  on the  Serpent ine.   Pinnular ia  were  found 

o n l y  a t  s t a t i o n s  2 and 3, and  Oedogonium were  more  abundant  upstream  and 
n o t   p r e s e n t   a t   s t a t i o n  6; Cladophera  were  found  only a t  t h e  downstream 

s t a t i o n s  5 and 6, and Navicula were f a r  more  numerous a t   s t a t i o n s  5 and 6. 

It i s  i n t e r e s t i n g   t h a t  a1 though  Meridion were t w i c e  as  abundant a t  

s t a t i o n s  5 and 6 t h a n   a t  2  and  3  and, i n   t o t a l ,   a l g a e  were  more  abundant 

downstream  than  upstream,  by fa r   t he   l a rges t   a lgae   popu la t i ons  were  found 

a t   t he   m ids t ream  s ta t i on  4. T h i s   s t a t i o n   i s   i m m e d i a t e l y  downstream o f  

Mahood Creek  and cou ld  be classed as the   c leanes t   i n   t he   Se rpen t ine .  

There was no t r e n d   i n   t h e  number o f   d i f f e r e n t   k i n d s   o f   a l g a e  

found a t  s t a t i o n s   i n   t h e   S e r p e n t i n e ,  9 were  found a t  s t a t i o n  6, 18 a t   s t a -  

t i o n  5  and  11-13 a t   t he   ups t ream  s ta t i ons .  The sample  analyzed  from  the 

Nicomekl was i n   t h e   w a t e r   f o r  5 fewer  days  than  the  Serpentine  samples 

which i s  why fewer   ce l l s  were  counted i n   t h i s  sample. However, regard less  

o f  t h i s   t i m e   d i f f e r e n c e ,   o n l y  seven d i f f e r e n t   t y p e s   o f   a l g a e  were  found a t  

t h i s   s t a t i o n ,   s u b s t a n t i a l l y   l e s s   t h a n   a t   u p s t r e a m   s t a t i o n s  on t h e  
Serpent i ne. 

3.3.2 Pigment  Content o f  A1 gae  Samples.  Chl orophyl  1 -a l e v e l  s i n  

samples  from the   Serpent ine  peaked three  t imes  f rom March t o  September, 

1975: f i  r s t   d u r i n g  May a t  a1 1 s t a t i o n s  ; second i n   t h e   l a s t  two weeks i n  

June  and f i r s t  two weeks i n  J u l y ,   b u t   o n l y   a t   s t a t i o n s  5 and 6; and  again, 

du r ing  September a t   s t a t i o n s  3, 5 and 6 which were t h e   o n l y   s t a t i o n   n o t  

vandal i zed (Table 5). A t  s t a t i o n  2 i n   t h e  Nicomekl , Chl orophyl  1 -a l e v e l  s 
increased i n  May, peaked i n   e a r l y  June a t  0.58 ug cmz/day, then  s lowly  

decreased t o  a  low o f  0.02 ug cmZ/day by  mid  August.  Phaeopigment 

conten t  was u s u a l l y  low, 0.02 ug/cmz/day,  except i n   A p r i l  and e a r l y  
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TABLE 5 CHLOROPHYLL4 AND PHAEOPIGMENT  CONTENT, AND BIOMASS OF PERIPHYTON 
SAMPLES COLLECTED  MONTHLY  FROM  THE  SERPENTINE AND 
NICOMEKL  RIVERS IN 1975. 

I 

River: NICOKKL I 

I 
SERPENTINE 

Stat ion:  2 3 4 ' 2  3 4 5 6 
Date sampl ed 
(No. days 
imnersed)  Parameter ug/anz/day X I ug/anz/day X 10-2 

I 

I 

I 

March 14 
(28) 

Apr i l  22 
(38) 

May 23 
(30) 

June 6 
(13) 

June 26 
(19) 

J u l y  11 
(14) 

July 25 
(13) 

Aug. 19 
(24) 

Sept. 18 
(29) 

Chl orophyl  1-a 
Phaeopi gments 
Bianass 

Chl orophyl 1 -a 
Phaeopigments 
Biomass 

Chl orophyl 1 -a 
Phaeopigments 
Biomass 

Chl orophyl 1 -a 
Phaeopigments 
Biomass 

Chl orphyl 1 -a 
Phaeopigments 
Biomass 

Chl orphyl 1 -a 
Phaeopigments 
Biomass 

Chl orophyl 1 -a 
Phaeopigments 
Biomass 

Chl orphyl 1 -a 
Phaeopigments 
Biomass 

Chl orphyl l -a 
Phaeopi gmen t s  
Biomass 

3.2 
0.7 

16.1 

5.0 
1.0 

14.7 

40.7 
0.03 

17.3 

58.5 
13.8 
2.3 

40.5 
0.05 
0.0 

32.1 
1.4 
1.4 

6.9 
0.7 - 
1.7 
0.8 - 
- - - 

8.6 3.0 I 10.0 4.3 - 3.2 
1.4 8.2 I 2.1 0.7 - 0.7 - 17.1 ' 18.2 4.3 33.2 11.1 

4.7  5.8 ' 3.7 11.8  2.1 
1.0  3.9 ' 8.9 - 13.9  1.8 - - ' 2.1  1.6  2.4  1.8 

- 1 0.7 ' 29.7 14.0 26.0 41.7 - 2.0 I 4.0 - 2.0 0.03 - - ' 1.0 6.0 11.0 7 . 7  

I 7.7 6.2 9.2 9.2 
' 2.3 3.1 1 .5  6.9 
I 3.1 7.7 3.8 7.7 

' 6.3 16.8 14.2 39.5 
' 0.05 0.05 0.05 0.05 
I 3.1 7.9 4.2 3.3 

' 5.7  10.7  12.1  19.3 

I 

I 

I 

I 

I 

7 .8 - 5.0 7.1 
' 5.7 5.0 - 15.0 
I 

I 2.3 3.1 4.6 4.6 
' 1.5 3.8 1.5 3.8 
I -  52.3 - 27.7 

' 1.7 2.9 - 7.1 

" - - 21.2 

29.3 39.6 
4.1 21.0 

I 

I 0.8  2.1 0.04 3.8 

I 

I 

I 

I - 
I 

8.6 
1.8 
9.6 

2.4 
1.0 
0.8 

21.3 
0.03 
9.0 

3.1 
0.8 

28.5 

57.9 
0.05 
5.3 

107.8 
0.07 

29.2 .. 
5.4 
4.6 

712.3 

5.8 
1.7 

53.3 

41.7 
20.3 
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June when samples  from some s t a t i o n s  on the  Serpent ine  increased  to  as 

h i g h  as  0.14 ug/cm2/day.  There was no p a t t e r n   i n  phaeopigment  content 

between s t a t i o n s   o r  sample per iods and  no co - re1   a t i on   w i th   ch l   o rophy l l  -a 

content. 

Unfor tunate ly ,   the  number o f  days t h a t   t h e   a r t i f i c i a l   s u b s t r a t e s  
were  submerged d i f f e r e d  between  sample per iods,  so f o r  comparison  purposes 

the   da ta  has  been expressed as  ug/cm2/day  emersed.  However,  as co lo -  

n i z a t i o n   o f   t h e   s u b s t r a t e   i s   n o t   l i k e l y   l i n e a r   w i t h   t i m e ,   t h i s  method o f  

express ing  the  data i s   n o t   e x a c t  and t h i s  must be kept i n  mind when 

comparing  data  between sampl  e per iods.  

3.3.3 Dry and Ash Weight o f   A lgae  Samples. T h e o r e t i c a l l y   t h e   d r y  

w e i g h t   o f   m a t e r i a l   s c r a p e d   o f f   t h e   a r t i f i c i a l   s u b s t r a t e s   r e p r e s e n t s   t h e  

w e i g h t   o f   l i v i n g   m a t t e r ,   d e t r i t u s  and  sediment,  whereas a f t e r   b u r n i n g   t h e  

ash  weight   represents   on ly   inorganic   mat ter .  Thus t h e   d i f f e r e n c e  between 

these  weights  can be construed as biomass. This  data i s  presented i n  

Table 4 and  has  been c a l c u l a t e d  as  ug/cmZ/day x 10-2 of  biomass. 

Biomass  values fo r   the   Serpent ine   R iver   ranged  f rom 4.3 t o  18.2 u n i t s   i n  

March,  decreased t o   l e s s   t h a n  3 u n i t s   i n   A p r i l  , t h e n   s t a b i l i z e d  a t  around 

1 t o  10 u n i t s   u n t i l   J u l y  when va lues  increased  markedly   a t   s ta t ions 3, 5 

and 6. U n f o r t u n a t e l y   r e s u l t s   a r e   n o t   a v a i l a b l e   a f t e r   m i d   J u l y   f o r   t h e  
o ther  s ta t i ons .  A t  s t a t i o n  2 on the  Nicomekl,  biomass  values  remained 

between 15 and 20 u n i t s   u n t i l   t h e  end o f  May be fo re   dec reas ing   sha rp l y   t o  

between 1 and 2 u n i t s ,   a g a i n   r e s u l t s   a r e   m i s s i n g   a f t e r   m i d   J u l y .   H i g h  

values i n   s p r i n g  may be due t o   d e t r i t u s   r a t h e r   t h a n   g r o w i  ng a1 gae. 

S t a t i s t i c a l   c o r r e l   a t i  ons between  biomass, ch l   o rophy l l  -a content 

and  oxygen sa tu ra t i on   (F igu re  7 )  have no t  been  done, however t h e r e  i s  no 

v i s i b l e   r e l a t i o n s h i p  between  these  parameters. Oxygen s a t u r a t i o n   d i d  

i nc rease   a t  downstream s t a t i o n s   d u r i n g   t h e  summer as d i d  biomass  values, 

however  samples  were no t   t aken   a t   t he  same t i m e   o r   f r e q u e n t l y  enough f o r  

us t o  say  these Va l  ues are   cor re la ted .  Biomass values i n  no way co r re -  

spond w i t h   c h l o r o p h y l l  -a content on the   subs t ra tes  and t h i s   d i f f e r e n c e  may 
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be due t o  an e r r o r   o r   p o o r   a c c u r a c y   i n  one or   bo th   techn iques ,   o r  due t o  

the  smal l  sample number. The E.P.S. Laboratory Manual c la ims an accuracy 

f o r   c h l o r o p h y l l  -a a t   t h e  5 ug   l eve l  and,  as most o f  ou r   resu l t s  were l e s s  

than 5 ug, t he   va lues   g i ven   f o r   ch l   o rophy l l  -a are  thus  suspect. 

3.4 Metal  Levels i n   F i s h  Muscle  Tissue 

Me ta l   l eve l s   a re  shown i n  Table 6. There  were no i n t e r s t a t i o n  

d i f f e rences   f ound   i n   me ta l   l eve l s   o f   scu l   p ins ,   t he   on l y   f i sh   caugh t   con -  

s i s t e n t l y  a t  almost a l l   s t a t i o n s .  There  were a l s o  no cons is ten t  

d i f f e r e n c e s   i n   s c u l p i n   m e t a l   l e v e l s  between t h e   t h r e e   r i v e r s  sampled. 

St ick leback,   t rapped  on ly  a t  s t a t i o n  1 i n  Mahood Creek, was the   sma l les t  

f i s h  caught and  had c o n s i s t e n t l y   h i g h e r   l e v e l  s o f  a1 1 metal s measured than 
t h e   t r o u t   t r a p p e d  a t  t h e  same s ta t ion .   T rou t ,   wh ich   l i ke   S t ick leback   feed 

i n  mid   water   o r   a t   the   sur face ,  had m e t a l   l e v e l s   s i m i l a r   t o   t h a t   o f   t h e  

bo t tom  feed ing   p r i ck l y   scu lp in  and  brown bul lhead. 

Calcium 1 eve1 s were t h e   o n l y  measurement 

sample t o  sample  and t h i s  was l i k e l y  due t o  contam 

w i t h  bone fragments. 

t h a t   v a r i e d   w i d e l y  

i n a t i  on o f   t h e  samp 

from 

l e  
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APPENDIX I 

STREAM FLOWS, SOIL TYPES AND LAND USE 
IN THE NICOMEKL-SERPENTINE  WATERSHED 
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APPENDIX I (TABLE 11) ESTIMATED MAXIMUM AND MINIMUM DAILY FLOWS (m3/sec) 
I N  THE NICOMEKL R I V E R  AND MAHOOD CREEK, COMPILED 

FROM WATER SURVEY OF CANADA  DATA^ 

N i  comekl R i v e r  Mahood Creek 

January  h igh  f lows:  

Highest   recorded  da i  1 y f l o w  

Est imated  2 -year   recur r ing  
11 10- 

20- I' 

100- Ii 

11 

I1 11 

11 I1 

Mean month ly  maximum f l o w  

August  low  f lows: 

Lowes t   reco rded   da i l y   f l ow  

Est imated  2-year   recurr ing 
I 1  10- 'I 

20- 

11 

, I  I1 

Mean month ly  minimum f l o w  

28.3* 

20.4 

25.5 

27.8 

33.0 

18.8 

0.09 

0.12 

0.08 
0.06 

0.10 

28.3* 

11.2 

22.7 

27.6 

39.1 

12.2 

0.0 
0.0 

0.0 
0.0 

0.07 

*Es t imated  f lows  (= lo00  c fs )  

1 F r m  H i  r s t  e t  a1 . (1979). 
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APPENDIX 1 
FIGURE I I MEAN  ANNUAL AND MONTHLY FLOWS FOR 

MAHOOD  CREEK  RECORDED B Y  WATER SURVEY 
OF CANADA AT STATION 8 M H  -020 
(Hirst e t  0 1 ,  1979) 
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APPENDIX I 1  

METHODS FOR WATER QUALITY ANALYSES 
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APPENDIX I I I 

CLASSIFICATION OF MACROINVERTEBRATES  AS  TO 
POLLUTION  SENSITIVITY 
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APPENDIX I11 

CLASSIFICATION OF MACROINVERTEBRATES AS TO POLLUTION SENSIT IV ITY  

P o l l u t i o n   T o l e r a n t  

01 i gochaeta 
P les iopo ra   Tub i f i c i dae  

Naididae 

Polychaeta  Nereidae 

Hydroi  da 
Hydridae 

Pel  ecypoda 
Sphaeri i dae 

T r f c l   a d i d a  
P1 anar i  i dae 

Moderate ly   To lerant  
Sensi ti ve 

D i p t e r a  
Tendipedidae 
T i  pu l  i dae 
Empi d i dae 
Rahgionidae 
Tabani  dae 
Simul  idae 
Ceratopogonidae 

Hydracar i  na 
Hydrac hn i  dae 
Ocar i  

Coleoptera 
Hal i p i  dae 
Hydrophi 1 i dae 
Dys t i   sc idae 

Isopoda 
Asci 1 1 i dae 

Amphi poda 
Gamari  da 
Corophi  idae 

Pul monata 
Physidae 
P1 anorbi  dae 

Ephemeroptera 
Bac ti dae 
Heptageni i dae 

P l  ecoptera 
Per1  odidae 
Nemour i dae 
Chl  oroper l   idae 

T r i chop te ra  
Limnephi l   idae 
Lepi  dostami ti dae 

Homoptera 
Aphi  didae 

Mega1 optera 
S i  a1 i dae 

Others 

Phync hobdel l  i dae 
G1 ossi   fphoni  i dae 

F i  sh  (Minnow) 
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